Background: Previous studies have been inconclusive concerning the effect of active transport on BMI. Our objective was to investigate the association between travel mode and BMI in a large community-based sample of Danish adolescents. Methods: A cross-sectional survey on health and lifestyle was distributed to all pupils from the 7th to 9th grade (12-16 years of age) in the municipality of Odense, Denmark. Results: Cycling to school was associated with 0.38 lower BMI compared to passive travelers (P = .006) after multivariable adjustment. Cycling to school was associated with 0.55 lower odds of being overweight (P < .001) and 0.30 lower (P < .001) odds of being obese compared to individuals using passive transport. Walking to school was associated with 0.65 lower odds of being overweight (P = .006). Post hoc pairwise comparisons of ethnicity revealed that adolescents of foreign ethnicity were more likely to be walkers or passive commuters (75.14% vs. 29.72%) than cyclists (24.86% vs. 70.28%; P < .001) compared to subjects of Danish ethnicity. Conclusions: Cycling to school was associated with lower BMI and lower odds of being overweight or obese compared to passive travel in Danish adolescents, whereas walking to school was associated with lower odds of being overweight.
The prevalence of childhood overweight and obesity has increased considerably during the past 20 to 30 years in most industrialized countries. 1 Physical activity (PA) is a key player in relation to weight status,2,3 and regular active commuting might be an important contributor. Nevertheless, the majority of studies do not detect an association between active commuting and weight status. 4, 5 Despite lack of evidence the International Obesity Task Force has emphasized the increase in use of motorized transport to school as a problematic trend. 6 Two recent reviews suggest that there might be no association between active commuting to school and reduced weight or BMI in children and youth. 4, 5 The majority of these studies assessed either walking alone or as a pool of active commuters that included both cyclists and walkers and thus potentially neglected a possible greater effect of cycling.
A strong and well-developed cycling culture in Denmark makes it an ideal place to assess the effect of cycling to school on BMI. Two previous studies investigating this in a Danish cohort, however, failed to detect a difference between BMI and cycling in adolescents. 7, 8 We suspect that this could be due to lack of statistical power, thus the aim in the current study is to investigate the relationship between travel mode among adolescents and BMI in a large community-based sample.
Methods

Sample and Data Collection
At the end of 2009, a questionnaire was distributed to all pupils (n = 5187) in the upper 3 grades in all 33 public schools in the municipality of Odense, Denmark. The questionnaire, which was returned anonymously to contact teachers at the respective schools, addressed questions regarding health and lifestyle. Participants with extreme height, (<130 cm and >210 cm) weight, (<25 kg and >133 kg) BMI (<10 kg/m 2 and >50 kg/m 2 ), and those with missing values were excluded.
Outcome and Explanatory Variables
Body Mass Index (BMI). The outcome variable of this study was calculated from self-reported height and weight. Overweight/obesity status was defined original research according to age-and gender-specific published cutpoints. 9 Transport to School. he independent variable, transport to school, was determined from a question on whether the participant was walking to school or if he/she came by bicycle, moped, car, or bus/taxi the respective day the survey was conducted. The categories were collapsed into cycling, walking, and passive transport.
Leisure-Time Physical Activity Level (LTPA). Time spent on LTPA beyond walking and bicycling to school was quantified from a question on frequency and intensity of organized and nonorganized sport-more specifically, whether the participant "prefers doing sedentary activities," "prefers not doing organized sports but likes to be active otherwise," "participates in sports about 1 time per week and likes to be active every day," or "participates in sports several times per week."
Parental Occupational Status. Parental occupational status was assessed from parental work situations. Results were coded as both unemployed, 1 unemployed, and both employed.
Ethnicity. thnicity was determined from data on the nationality of parents. Based on 2 questions-"Was your mother born in Denmark?" and "Was your father born in Denmark?"-data were coded as Danish if either the mother, the father, or both parents were Danish and as non-Danish if both parents were foreign.
Data Analysis
To examine whether the distributions of LTPA, parental occupational status, and ethnicity differed according to transport mode, we used the chi-squared test. The associations between mode of transportation to school and LTPA and BMI, respectively, were tested with multiple linear regression analyses. We examined associations adjusting for age and gender but also additionally adjusting for LTPA, parental occupational status, and ethnicity. We did not see any statistical evidence of the associations between transport mode and BMI being modified by age, gender, LTPA, parental occupational status, or ethnicity (P > .05 for interaction).We also calculated odds ratios (OR) of being overweight or obese given the mode of transport to school and LTPA using multiple logistic regression analyses. Within the linear models we performed analyses adjusting for both age and gender, and multivariable adjusted. All analyses were conducted using STATA IC version 11.0 with alpha = .05.
Results
The overall response rate was 77.2% (n = 4005). After excluding individuals with extreme height (n = 27), weight (n = 73), and BMI (n = 3) and those with missing values, data from 3847 (74.2% of all pupils) were analyzed. General characteristics of the study population are shown in Table 1 . On average, 16.4%, 21.7%, and 62.0% of the children came to school by passive transport, walking, and cycling, respectively. Average BMI and prevalence of overweight and obesity were 19.9 kg•m -2 for the boys, 10.8% and 1.6%, respectively; whereas, for the girls the values were 19.6 kg•m -2 , 7.0% and 1.2%, respectively. There was an association between transport mode and ethnicity, parental occupational status, and LTPA ( Table 2 ). The pattern was that those of Danish ethnicity and those with a high parental occupational level were more likely to cycle to school. The LTPA trend was that highly active children were more likely to cycle to school compared to their inactive classmates who primarily walked or commuted passively. As there was no interaction observed between transport mode vs. gender (P = .303), ethnicity (P = .774), parental occupational status (P = .334), or LTPA (P = .310) on BMI, we adjusted for these in the analyses.
Association Between Mode of Transportation to School and Body Mass
The associations between transport mode and BMI are shown in Table 3 Note. Data are percent (number of observations).
* P-value is for difference in distribution between mode of transportation and the categorical variables age-group, ethnicity, parental occupational status, and leisure time physical activity. reach significance when multivariable adjusted (P = .156). With regard to walking versus passive transport, we did not find significant differences in BMI for the conventional adjusted analysis (P = .166) or the multivariable adjusted analysis (P = .189). Treating transport mode as an ordinal variable, a linear trend (-0.19) from passive to walking and from walking to cycling was seen (P = .004).
The associations between transport mode and overweight and obesity are shown in Table 4 . Cycling and walking to school was, when conventionally adjusted, associated with odds 0.47 (P < .001) and 0.63 (P = .003) of being overweight, respectively, when compared to passive transport. These differences remained statistically significant when multivariable adjusted (OR = 0.55 (P < .001) for cycling and OR = 0.65 (P = .006) for walking. Cycling was, when conventionally adjusted, associated with 0.30 (P < .001) times lower odds of being obese. When multivariable adjusted, the difference was 0.47 (P = .033). Walking was not associated with lower odds of being obese when conventionally adjusted (P = .124) or when multivariable adjusted (P = .124).
Association Between LTPA, Weight, and Body Mass
The associations of LTPA and BMI are shown in Table  5 . We observed a negative linear trend in BMI across categories of LTPA when adjusting for age and gender (P = .006). However, only individuals reporting participation in sports several times per week had significantly lower BMI compared to individuals who preferred to do sedentary activities (-0.33 BMI points, P = .029). When multivariable adjusting, the test for trend became nonsignificant (P = .127) and the difference in BMI between individuals reporting participation in sports several times per week and individuals who prefer doing sedentary activities attenuated and were also no longer significant (-0.17 BMI points, P = .237). The associations of LTPA and overweight and obesity are shown in Table 6 . The test for trend was significant in the multivariable adjusted analyses with both overweight and obesity as outcome (P = .002 and P = .034 respectively). When multivariable adjusted, the most active adolescents had 0.65 (P = .005) and 0.45 (P = .038) times lower odds of being overweight or obese, respectively, compared to individuals who prefer doing sedentary activities.
Joint Association of Transport Mode and LTPA
In multivariate analyses after adjustment for age, gender, ethnicity, and parental occupational status, we estimated joint effects of transport mode and LTPA on BMI ( Figure  1A ). An overall inverse association between level of LTPA and BMI was found in all 3 transport modes (passive, walking, and cycling). The joint association of cycling and level of LTPA was with higher levels of LTPA generally associated with the lowest BMI. The difference of 1 BMI point between the passive commuters declaring sedentary activities in leisure time and the most active cycling subjects (P < .05), emphasizes the relevance of the joint association between LTPA and transport mode.
Joint associations of transport mode and LTPA on odds of being overweight or obese are shown in Figure  1B . After adjustment for before mentioned possible confounding factors, a tendency toward an inverse relationship between level of LTPA and odds was observed. The highest odds of being overweight or obese were seen in the least active subjects using passive transport. The 0.32 times lower odds in the most active cycling subjects compared to the least active passive commuting (P < .01) also emphasize the relevance of the joint association between LTPA and transport mode. No interaction between LTPA and transport mode on BMI (P = .818) or odds of being overweight or obese (P = .21) was observed.
Discussion
This large cross-sectional study of a population-based sample of Danish adolescents provides evidence that active transportation is beneficial to health. Cycling to school is associated with lower BMI and lower odds of being overweight or obese, and walking to school is associated with lower odds of being overweight. These associations persisted after adjusting for potential confounding factors, such as residual PA beyond cycling, parental occupational status, and ethnicity.
The reason walking is not significantly associated with lower BMI could be due to an inferior effect of walking compared to cycling being supported by the observed linear trend from passive to walking and from walking to cycling. Such dose-response relationships between different transport modes would infer that it may be problematic that most previous studies examining the effect of active transport did not separate cyclists from walkers. 10 The reason walking is not significantly associated with odds of being obese, as reported previously in adults, 11 could be due to few cases and consequently a lack of statistical power.
The ethnicity-and parental occupational status-independent associations underline the potential of intervention with cycling to school in ethnic minority and lower socioeconomic groups of adolescents. We observed very large differences in the proportion of individuals cycling to school across these groups. Our findings are in contradiction with previous studies, 7, 8 which, due to smaller sample sizes, were possibly subject to type 2 errors.
Even relatively small changes in BMI in childhood have been shown to influence the risk of coronary heart disease later in life. 12 Childhood obesity can adversely affect almost every organ system and often include hypertension, dyslipidaemia, insulin resistance or diabetes, fatty liver disease, and psychosocial complications. 13 Furthermore, high childhood BMI has also been associated with increased risk of coronary heart disease in adulthood12 and premature death. 14 In addition to the observed persistence of high BMI in to adulthood, obesity in adolescence has been associated with increased risk of multiple comorbidities in adulthood [15] [16] [17] even if obesity did not persist. 18 Furthermore, the prevalence of the metabolic syndrome in adolescents has been shown to increase with higher BMI, indicated by 1.55 times greater odds for every half-unit increase in BMI z score. 19 It is thus likely that a 0.38 lower BMI observed in cyclists compared to passive commuters is associated with beneficial health effects on a population level.
An implicit assumption of this inference is that there exists a causal relationship between cycling to school and lower BMI. A recent meta-analysis (personal communication) based on 3 prospective cohort studies supports the notion that cycling to school induces a lowering of BMI of a similar magnitude in children and adolescents. A causal relationship is supported by a recent study reporting that starting cycling is associated with less weight gain and that an inverse dose-response relationship exists in premenopausal women. 20 Another assumption is that the association between cycling as transport mode and BMI is not confounded by other parameters.
The significant association between travel mode and LTPA corresponds well with previous studies, suggesting that children and adolescents who walk or bicycle to school have higher daily levels of physical activity than youth traveling to school by car or bus. 21, 22 The observed significant association between travel mode and LTPA also confirmed that LTPA is a potential confounder when interpreting the effect of commuter cycling on BMI. In a post hoc analysis, LTPA was excluded as a confounder in the multivariable analysis to assess the magnitude of the confounding effect of LTPA on the association between cycling and passive transport on BMI. The beta value only slightly increased from -0.38 to -0.41, implying that LTPA in these data only has a weak confounding effect on the association between travel mode and BMI in the conventional (age-and gender-adjusted analyses). The observed significant association between travel mode and ethnicity and parental occupational level has not previously been established. Post hoc pairwise comparisons of ethnicity revealed that adolescents of foreign ethnicity were more likely to be walkers or passive commuters than cyclists (24.86% vs. 70.28%; P < .001) compared to subjects of Danish ethnicity. Meanwhile adolescents of foreign ethnicity were more likely to walk than cycle or be passive commuters (55.51% vs. 83.43%) compared to subjects of Danish ethnicity. A similar tendency was observed for parental occupational level, where adolescents with 1 or both parents unemployed were more likely to be walking or passive transported than cycling (39.03% vs. 68.75%; P < .001) compared to subjects with both parents employed. Meanwhile, adolescents with 1 or both parents unemployed were more likely to walk than cycle or be passive commuters (65.95% vs. 81.98%) compared to subjects with both parents employed (P < .001). As no interaction was observed between transport mode and ethnicity or parental occupational status on BMI, the association of transport mode on BMI can be considered to be of similar magnitude in these subgroups. In other words, cycling to school would also be associated with lower BMI in Figure 1 -Joint association of transport mode and leisure-time physical activity with body mass index (kg/m 2 ) (A) and overweight or obesity (≥25 kg/m 2 ) (B). Note. Data in A is derived from multiple linear regression and data in B from multiple logistic regression adjusted for age, gender, ethnicity, and parental occupational status. * P < 0.05; ** P < 0.01. There was no interaction between transport mode and leisure-time physical activity on BMI in Figure 1A (P = 0.818) or Figure 1B subjects of foreign ethnicity and among adolescents with unemployed parents.
The major strength of this study includes the large population-based sample and a high response rate. Furthermore, a large proportion of Danish adolescents are cycling to school, which makes it possible to study this mode of travel on a health outcome such as BMI. There are, however, several limitations that should be considered when interpreting the findings. The study was crosssectional and it is impossible to determine the direction of the association. Another major limitation of the study was that we used self-reported BMI as a main outcome. From a previous study by our group, we have information on both self-reported and objectively assessed BMI in a relatively large group of adolescents (age = 17.1, n = 1103). Based on these data, self-reported BMI is 0.4 BMI points lower compared to objectively measured BMI (P < .001), and the correlation between self-reported and objectively measured BMI was 0.84. In a study of 14-to 16-year-old adolescents in Denmark, the prevalence of overweight and obesity in 2003 was 21% and 4% for girls, respectively, and 14% and 3% for boys. 23 We thus consider it likely that our results are subject to underestimation. Importantly, the degree of underestimation was not different between the different groups of transport (cycling, walking, and passive). We thus believe that the results of the current study likewise are likely to be unbiased. The random measurement error associated with the subjective assessment of BMI will only have an effect of the precision of our estimates of association. Furthermore, the relative high response rate of 74.2% contributed to a lower risk of selection bias. The fact that the level of LTPA is strongly associated with BMI and odds of being overweight stresses the importance of adjusting for LTPA when examining the effect of transport modes. Our assessment of LTPA is relatively crude and the determination of residual physical activity would preferably have been based on objective measures. Thus, some residual confounding by residual PA may still exist. The assessment of parental occupational status by means of information from their children seems unproblematic as the method previously has been proven valid. 24 In conclusion, the findings from this study suggest that active transport to school is associated with health-beneficial effects. It is likely that walking and especially cycling might be an important supplement in the prevention of adverse weight gain. As we observed in a low proportion of individuals cycling to school among individuals with both parents unemployed and within adolescents of foreign ethnicity, these subgroups may be particularly relevant targets for intervention. More research on the effectiveness of various commuter cycling initiatives is needed to be able to establish a costbeneficial primary prevention strategy. Future research should more specifically assess the impact of initiatives targeted at changing the distinct transport mode pattern among foreign ethnic adolescents and adolescents from families with a low parental occupational.
